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的 5 个候选基因，即胰岛素相关多肽（insulin related peptides，IRPs）、ɑ-淀粉酶（ɑ 
-Amylase，ɑ-AMY）、糖原合酶激酶 3β（glycogen synthase kinase 3β，GSK3β）、糖原
合酶（glycogen synthase，GYS/GS）和肝细胞生长因子（Hepatocyte growth factor，HGF），
进行序列多态性研究，并分析了它们与生长性状之间的相关性，筛选出有利基因型；此
外，利用 13 个微卫星标记对福建牡蛎 5 个地理群体（即宁波、宁德、泉州、东山和深
圳群体）的遗传多态性进行分析，为分子标记辅助育种及种质资源保护提供依据。 
为寻找与福建牡蛎生长相关的单核苷酸多态性位点，先后使用了高分辨率熔解曲线
（High Resolution Melting，HRM）技术和高通量测序（ Next Generation Sequencing，
NGS）方法。首先使用 HRM 技术在胰岛素相关多肽基因中筛选到 2 个与福建牡蛎生长
显著相关的 SNP 位点（P<0.05），即 A1740T 和 A1712C。其中，位点 A1740T 的 AT
型个体的总重和壳长明显高于 AA型个体（P<0.05），与 TT型个体的差异未达到显著
水平（P>0.05）。A1712C 位点的 AC 型个体的壳长、壳宽、总重和壳重明显高于 AA
型个体，与 CC 型个体稍有差异但未达到显著水平。 
由于 HRM 技术在牡蛎这种高杂合度的非模式生物的未知 SNP 位点的大量筛查过
程中遇到了一些问题，后续试验我们改用了准确度和灵敏度更高的高通量测序方法。在
ɑ-淀粉酶、糖原合酶激酶 3β、糖原合酶和肝细胞生长因子四种基因中分别筛选到 16、2、
27 和 3 个 SNP 位点，它们均能与福建牡蛎的部分生长性状显著相关（P<0.05）。其中，
ɑ-AMY基因的位点 T296587A的 TT型个体在总重和壳重方面比 AA和 TA型个体具有
显著优势，位点 C296601G的 CC 型个体在总重、壳重、壳高和壳容积方面比 GG和 CG















GA型个体具有显著优势。GSK3β 基因的两个 SNP 位点对总重影响不显著。GYS 基因
的位点 A201566T 的 TT 型个体与 AA 和 AT 型个体在总重、壳重、壳长、壳宽和壳容
积方面有显著差异，位点 T201752C 的 CC 型，位点 A201794G的 GG型，位点 G201806A
的 AA型，位点 T197250A 的 TT型，位点 C197308G的 GG型个体在总重、壳重、壳
长、壳宽、壳高或壳容积的表现上都明显高于其他两种基因型。在 HGF 基因中 T462986C
位点的 TT和 CC 型个体的总重和壳长明显高于 TC 型个体。 
基于 13 对微卫星引物我们研究了宁波、宁德、泉州、东山和深圳五个地理群体的
























Fujian oyster ,Crassostrea angulata, also known as the Portuguese oyster, has important 
economic and ecological value, but as a result of the long-term artificial breeding, cause 
oyster germplasm resource degradation, the degeneration of production  traits and mortality 
increased , an urgent need to strengthen the protection of germplasm resources, optimize the 
genetic breeding measures.In this study, single nucleotide polymorphism markers on several 
growth-related genes( ɑ amylase,insulin- related peptide gene, glycogen synthase kinase 3 
beta, glycogen synthase and hepatocyte growth factor)of C. angulata were studied and 
analyzed the correlation between them and the growth traits;At the same time, the use of 13 
pairs of polymorphic microsatellite loci for genetic polymorphism of C. angulata five 
geographic populations(namely, Ningbo, Ningde, Shenzhen, Dongshan and Quanzhou)were 
analyzed,this can provide a theoretical basis for germplasm conservation and molecular 
marker assisted breeding. 
For screening SNP loci of several candidate genes, we has used a high-resolution 
melting curve technology and high-throughput sequencing methods.First, the use of HRM 
technology in glycogen synthase kinase 3β screened three SNP loci, namely G489327T, 
T487977A and G487979T, in insulin-related peptide gene screened two C. angulata growing 
significantly associated SNP loci (P <0.05 ), namely A1740T and A1712C.The total weight 
and shell length of oysters with TA genotype in A1740T were significantly higher than AA 
genotype, with the TT genotype differences did not reach significant levels (P> 0.05). The 
shell length, shell width, total weight and shell weight of oysters with AC genotype was 
significantly higher than AA genotype , with the CC individua differ slightly but did not reach 
a significant level. 
There are some problems in the process of screening unknown SNP loci for this high 















high-throughput sequencing methods,which is more accuracy.In ɑ amylase, glycogen 
synthase kinase 3 beta, glycogen synthase and hepatocyte growth factor gene,were screened 
16, 2, 27and 3 SNPS loci respectively, they can part with C. angulata growth traits significant 
correlation (P <0.05).In ɑ amylase，the total weight and shell weight of oysters with TT 
genotype in T296587A were significantly higher than AA and TA genotype (P <0.05),the 
total weight,shell weight, shell height and shell volume of oysters with CC genotype in 
C296601G were significantly higher than GG and CG genotype,the total weight,shell weight,  
and shell length of oysters with AA genotype in G295736A were significantly higher than GG 
and GA genotype.In GSK,the two SNP loci didn‘t have significant effect on total weight.In 
GYS,the total weight,shell weight, shell length,shell width and shell volume of oysters with 
AA and AT genotype in A201566T were significantly higher than TT genotype, The CC 
genotype of site T201752C,the GG genotype of site A201794G , the AA genotype of site 
G201806A , the TT genotype of site T197250A , and the GG genotype of site C197308G are 
significantly higher than the other two genotypes in the total weight, shell weight, shell length, 
shell width, shell height or shell volume.In HGF,the total weight and shell length of oysters 
with TT and CC genotype in T462986C were significantly higher than TC genotype.  
Based on 13 pairs of microsatellite primers ,We investigated the genetic d iversity of 
Ningbo, Ningde, Shenzhen, Dongshan and Quanzhou five geographic groups of C. angulata. 
The results showed that five C.angulata populations in 13 microsatellite loci used in this 
study were shown  moderate or high level of genetic diversity.Gene tic distance analysis 
showed closer genetic relationship among Ningde groups with Shenzhen, Dongshan and 
Quanzhou groups , Shenzhen and Dongshan groups is relatively recent，but Ningbo group is 
far from the others. After cluster analysis, Ningde, Shenzhen, Dongshan and Quanzhou four 
groups clustered together, Ningbo independence as a class. The results are consistent with the 
geographical distribution of five oyster group.  















genetics and breeding were studied, using different methods to obtain more molecular 
markers, and its polymorphisms were analyzed ,provide a reference for molecular marker 
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第一章  绪论 
1 








用。另外，牡蛎还具有独特的滋养功效，可增强机体免疫力[1]。Matsuda 等 2003 年报
道，牡蛎中所含的大量糖元可作为人体细胞进行新陈代谢的能源，补充体内能量储备，
提高体力和脑力的活动效率[2]。因此牡蛎有很高的经济价值，是我国乃至世界重要的海
水养殖对象。根据联合国粮农组织 2013 年的统计，世界牡蛎年产量已由 1950 年的 20
万吨增至 2012 年的 474.2 万吨(FAO，2013)。国家统计局的数据显示，2013 年我国水产
品产量达 6,172.00 万吨，海水产品产量为 3,138.83 万吨，其中牡蛎产量为 421.8644 万





































蛎 (C.angulata)、太平洋牡蛎 (C.gigas)、香港巨牡蛎 (C.hongkongensis)、有明巨牡蛎
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